There has been increasing interest in improving academic test scores of American students, and specifically reading scores. The percentage of fourth-grade students reading at or above Proficient, the level identified by the National Assessment Governing Board (NAGB) as the goal for all students, has increased slightly from 29% in 1992, to 32% in 2000. 1 However, these data still mean that only about a third of fourth graders in the United States who took the fourth-grade proficiency tests could read at their grade level. Moreover, while scores for the nation's highest performing students have improved over the years, scores of the lowest performing students have declined. 1 Therefore, educators are under mounting pressure to improve literacy skills.
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It is known that skills that are prerequisites to reading development begin in infancy. Indeed, reading aloud to infants and young children-allowing them to hear books-is highly associated with these children's developing literacy later on. 2 The question logically arises, is there some intervention that can be provided at the pre-school level to reduce the number of students who are at risk for reading failure-in essence to build better readers?
This article is an investigation into how to improve emergent reading skills through the use of sound field amplification and teacher training. Specifically, this study was an initial attempt to determine if early phonological and phonemic awareness training, coupled with the use of sound field amplification, would reduce the number of children identified as at-risk readers by low scores on the Yopp-Singer Test of Phonemic Segmentation. 3 It is generally accepted that immersion of children at the pre-school and kindergarten levels in a literacy-based curriculum that emphasizes both phonological and phonemic awareness development is a highly effective way to facilitate future success in reading. 4 Phonological awareness, the knowledge that language is composed of a system of words and syllables, is one of the primary building blocks of developing literacy skills. Phonemic awareness is the knowledge that words themselves are composed of individual sounds called phonemes. Clearly, phonemic awareness is an auditory skill dealing with the sounds of spoken language. Therefore, it seemed logical that using sound field amplification to enhance the acoustic environment in the pre-school and kindergarten classroom might facilitate the development of phonemic awareness.
STUDY METHOD

Groups
For this study, we selected three separate classrooms for typical 4-year-olds in the Berea City Schools Pre-school Program. The project identified and tracked the students from their second semester in pre-school through the end of their first semester in kindergarten. This study continued for 1 year. The students in each group (Group A, B, or C) progressed from a pre-school program using a particular intervention program into a kindergarten program using the same type of intervention. Students across the groups took the Yopp-Singer Test in pre-school to provide a baseline measure. At the end of their first semester in kindergarten, the children again took the YoppSinger Test as a post-test measure.
The three groups received different early phonological and phonemic awareness interventions (see Table 1 ). Group A participated in the standard district pre-school and kindergarten curriculum and served as the control group. The preschool and kindergarten teachers in Groups B and C attended three separate in-service sessions lasting 1-1/2 hours each and received information about phonological and phonemic intervention strategies from a reading specialist. The in-service sessions provided instruction on meaningful incorporation of phonological and phonemic awareness activities into the daily curriculum. The teachers agreed to provide phonemic awareness instruction for 15 minutes, four times weekly.
The teachers in Group C attended two additional inservice sessions covering acoustic accessibility and classroom amplification systems. The in-service sessions were Table 1 . Description of the three groups in this study.
Children received the district's standard pre-school and kindergarten curriculum.
Children received direct, group phonological and phonemic awareness instruction for 15 minutes, four times a week, starting the second semester of their pre-school year and continuing to the end of their first semester of their kindergarten year.
Teacher used the classroom sound-field system daily, and children received direct, group phonological and phonemic awareness instruction for 15 minutes, four times each week, starting the second semester of their preschool year and continuing to the end of their first semester of their kindergarten year. each 1-1/2 hours long, and were presented by an educational audiologist. The audiologist explained the auditory basis of classroom instruction, described auditory brain development, and presented the rationale for using a classroom sound-field system. 5
Infrared sound-field systems
For this study, two sound field systems (the Ultimate Infrared four-loudspeaker units from Audio Enhancement) were installed-one in the Group C pre-school classroom and one in the Group C kindergarten classroom. The teachers wore wireless microphone transmitters, and their speech was transmitted via light waves to an amplifier/receiver connected by wires to four loudspeakers that were mounted around the room to create a clear and even distribution of sound. In addition, each classroom had a pass-around microphone for the children. The units were set up as suggested by the manufacturer and the teachers received instruction about the use of the technology.
Yopp-Singer Test
The Yopp-Singer Test of Phonemic Segmentation measures a child's ability to separately articulate the sounds of a spoken word in order. For example, the child needs to say that the word "dog" consists of three distinct sounds, d-ah-g. The test contains 22 items and is administered individually, requiring about 5 to 10 minutes to complete. Pre-schoolers are not expected to be able to perform on the test, and kindergartners typically show a wide range of ability.
Participants
The three pre-school teachers and the three kindergarten teachers involved in the project had received consistently favorable teacher performance ratings on the Berea City Schools performance evaluation system. Fifty-three regular education students-34 girls and 19 boys-from three separate pre-school classrooms participated in this study. In terms of socio-economic status, Berea City Schools are considered low-middle-income schools. All three schools are located in working class communities in an area of the Cleveland suburbs.
RESULTS
One of the variables considered in this study was the difference between the pretest score (baseline score obtained during the first semester of pre-school) and the post-test score (obtained at the end of the subjects' first semester of kindergarten) on the evaluation instrument, the YoppSinger Test. Statistical analyses were done using SPSS for Windows Version 10.0 (1999, SPSS ® Inc., Chicago).
There were 23 subjects in Group A, 23 subjects in Group C, and 7 subjects in Group B. The discrepancy in sample size can be partially explained by the fact that the children were chosen based on their classroom placement during their pre-school year. Figure 1 clearly shows that the distribution of scores generally rises with phonological and phonemic awareness training, and again when this training is combined with sound field amplification. Because of the small sample size in Group B and the resulting skewing of the data, we had to use a non-parametric procedure to determine if a difference existed among the groups.
We found some statistically significant (P-value <0.001) differences among the scores of the three groups. Post-hoc testing indicated that scores in both Groups B and C were significantly different (higher) than scores in the control group. The difference between Groups B and C is not statistically significant, but statistical significance is very difficult to achieve with a group size of 7 subjects (Group B).
Another outcome variable is the number of children in each group who scored poorly (5 or less) on the second administration of the Yopp-Singer Test, indicating that they were at risk for later reading problems if intervention did not occur. At the second administration at the end of their first semester in kindergarten, 13 children (57%) in the control group (A) scored 5 and below, and only "…this initial study suggests that the sound structure of literacy can be most effectively and efficiently taught in pre-school and kindergarten classrooms that are amplified…" 4 children (17%) scored above the mean score. In Group B (the phonological and phonemic awareness group), 3 children (43%) scored 5 and below and 4 (57%) scored above the norm. In Group C (the phonological and phonemic awareness plus sound field group), only 2 children (9%) scored 5 and below on the post test, and 18 (78%) scored above the mean for the test (see Figures 2 and 3) . The addition of sound field technology appeared to make a substantial difference in the pupils' performance.
DISCUSSION
The study reveals several indicators of the possible positive impact of the sound field system on the effectiveness of phonological and phonemic awareness skills training. Unfortunately, the by-chance low enrollment in Group B does not allow statistical comparisons between Groups B and C. Nevertheless, the following trends were noted.
The first indicator is the standard deviation (SD) of the three research groups with regard to their post-test results. Groups A and B demonstrated SDs of 6.32 and 8.04, respectively, whereas Group C had a SD of only 5.94. This suggests noticeably less variation within Group C than within the other two groups. The greater homogeneity in Group C suggests that the treatment that included the sound field system had a more consistent positive effect across the whole group than did the treatments used in the other two groups.
The second indicator is the percentage of children who scored above the mean on the post-test measure. The YoppSinger Test has a mean of 11.39. With that in mind, it is important to note that Group C (the sound field group) had the highest percentage of children scoring above the mean (78%), while Group A (the control group) had only 17% and Group B had 57%. Again, the level of homogeneity seen establishes the children in the sound field group as being less at risk for reading problems than the children in Groups A and B.
The third indicator is seen in the scores on the posttesting measures. We selected a low score of 5 as indicating that a child may be at risk for reading problems. In Group C, only 9% of the children scored 5 or below, whereas 57% in Group A and 44% in Group B had a score of 5 or below. These results suggest that phonological and phonemic awareness training, as a pre-literacy booster, was more effective when sound field amplification was added. When properly installed and used, sound field technology allows phonemic detail to reach the brains of children continuously.
CONCLUSION
Improving literacy is a national priority. This study revealed a trend toward greater development of phonemic awareness skills when sound field amplification was added to phonemic awareness instruction. The fewest at-risk readers came out of the preschool and kindergarten classrooms that were amplified with sound-field systems.
While more research is required, this initial study suggests that the sound structure of literacy can be most effectively and efficiently taught in pre-school and kindergarten classrooms that are amplified. 
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